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To the editor: We read with great interest the paper published by Seol H et al 1 concerning HER-2 intratumoral heterogeneity (IH) in breast cancer.
Nowadays most pathologists involved in HER-2 characterization in breast cancer more or less frequently have to deal with cases of IH in the everyday routine.
While reading this article, we asked ourselves the following question: 'which could be the best way to write the report for the clinicians?'.
At the present time, our Lab-FISH report shows synthetically if the tumour sample is found to be amplified or unamplified; however, if focal-amplified neoplastic clones are seen, in accordance with what has been recently established in an Italian consensus conference, 2 the percentage of cells with overexpression of the protein or gene amplification (Her-2/CEP-17 ratio 42 or number of HER-2 copies 46 or HER-2 clusters), even if less than 10%, should be added in the report.
So far we have noted however that one 'final' question most clinicians frequently ask to us is: 'how should I consider it amplified or non-amplified?'. This is likely to be due to the legislation regulating the administration of the drug (http://www.agenziafarmaco.gov.it/it/content/trastuzumab) according to which 'Herceptin should be used only in patients whose tumours show HER-2 overexpression or HER-2 gene amplification as determined by an accurate and validated test'.
The same situation occurs for gastric and gastroesophageal junction adenocarcinomas for which the law provides the following: 'Trastuzumab should be administered only to patients with metastatic gastric cancer whose primary tumours exhibit HER-2 overexpression, defined as IHC 3 þ or IHC 2 þ together with a positive SISH or FISH result'.
So they both only refer to HER-2 protein overexpression and/or gene amplification and make no mention at all of a possible IH.
We believe that a reasonable way to document HER-2 IH could be to attach the FISH count results to the report and to close the report with a final interpretation of the results obtained. In agreement with Albarracin et al, 3 we think that an analytical report completed with a critical evaluation of the results about HER-2 genetic heterogeneity (GH) should be worldwide promoted.
In accordance with the recently published guidelines, 4 But which could be the simplest and most practical way to report such analytical results?
For this purpose the use of a spreadsheet form, eg an Excel form (Microsoft Corporation, Redmond, WA, USA), could be adopted.
FISH analysis is currently accepted as the gold standard for HER-2 assessment in cases resulted borderline at conventional immunohistochemical assay.
Hence, it represents the end point for determining HER-2 status.
Therefore, when clear-cut results are missing, eg in case of ratio close to the cutoff, clinicians could have difficulties in the therapeutic management of patients.
And you could run the risk that a focal amplification is deemed sufficient to consider the patient eligible for trastuzumab therapy.
Besides the presence in the same tumour of areas with HER-2 amplification next to non-amplified tumour areas, notwithstanding all the devices for counting FISH signals can become cause of irresolution in writing the final report.
The differences in HER-2 status found in core biopsy, mastectomy and metastasis specimens, and the heterogeneous HER-2 protein expression (HER-2 phenotypic heterogeneity, PH) found in a primary tumour from mastectomy specimen in the case described by Wu et al, 6 from this point of view, are paradigmatic.
Moreover, regarding HER-2 GH, we cannot underestimate the fact that in situ hybridization (ISH, FISH, CISH, as well as SISH, dual or single signal) is a method prone, to some extent, to register heterogeneous events, as it works on tissue sections that are, de facto, much thinner than tumour nuclei are.
Chromosome 17 can be entirely or poorly represented in nuclear sections and proportions of HER-2 and CEP17 may vary from nucleus to nucleus and, consequently, HER-2/CEP17 ratios may vary, even significantly.
So, HER-2 assessment can become a tough task, especially in those cases with average number of HER-2 spots over CEP17 dots around cutoff value. In the recent study by Yang et al, 7 HER-2 GH was found in a small proportion of tumours with high-grade HER-2 amplification. In our opinion, this represents an expected finding, as these cases often exhibit an amplification pattern as HER-2 signal clusters.
For this reason, we believe that even the HER-2 GH assessment has little value in cases such as these.
Cases whose results are at or near the cutoff point and that, therefore, 'should be interpreted with caution', 3, 6 can become a real interpretative nightmare. Furtheremore, we believe that also HER-2 PH should be taken into due consideration when reporting a HER-2 characterization test.
For example, we think that in a case of PH with about 10% of cells with 3 þ score and the rest of the cells with incomplete, faint membrane decoration, might raise the same questions as a case of HER-2 GH.
We suggest that in such situations, as proposed for the GH, the IHC report should specify all the scores observed and the percentages of cells presenting each score (according to the DAKO Hercep Test scoring system).
The biological relevance of HER-2 PH should be established comparing therapeutic responses among patients with different types of HER-2 PH.
In fact, it would be very interesting to evaluate whether patients with focal 3 þ staining may benefit from trastuzumab therapy, as recently this has been found to have beneficial effects for patients with HER-2 GH 8 .
Besides, we believe that as for HER-2 IH, two scenarios should be clearly distinguished: While the former is likely true heterogeneity with potential clinical significance, the latter may be an artefact.
As stated above, only a fraction of the tumour cell nuclei are present on the slides, so the individual cells showing apparent, usually low-level (3:1 or 5:2) amplification are likely due to part of the nucleus missing from the slide. This latter pattern has no phenotypic correlate, ie one practically never sees individual strongly staining cells in the background of a HER-2 negative tumour, and lacks known clinical significance.
Finally, we totally agree with Seol et al. 1 when they state that 'y the variability of HER-2 protein expression within a tumour is not simply a technical problem attributable to poor fixation, antigen retrieval, inadequate or suboptimal immunohistochemical procedures, but represents real biological heterogeneity. ' In fact, there is no doubt that preanalytical technical problems may affect the immunohistochemical determination of HER-2 status; 9,10 however, although continuous monitoring is required to minimize these issues, this should not be a 'refuge' when dealing with difficult and/or confounding cases due to an intrinsic 'biological' intratumoral variability. To the Editor: In Seol et al, 1 the authors provide a clinicopathologic analysis showing that intratumoral heterogeneity of HER2 gene amplification is associated with short disease-free survival. They conclude that it is likely that intratumoral heterogeneity is a surrogate for chromosomal instability, and thus a poor prognosis. This result would appear directly to conflict with the study of Bartlett et al, 2 showing that patients with tumors that are uniformly HER2-amplified do worse than those with heterogeneity (eg, 30-50% of cells with a ratio 42.2). Seol et al 1 attribute this difference to a variation in study design-that they have selected their heterogeneous cases from tumors that were already classified as HER2-amplified on whole-tissue sections. To this reader, an alternative interpretation presents itself, which takes into account patient treatment, as well as one study 3 not cited by Seol et al (See Table 1 ).
From Table 1 , it appears that intratumoral heterogeneity, in and of itself, is not a poor prognostic marker at all. 2 Rather, high/unequivocal HER2 amplification is a favorable predictor of response to (antracyclinebased) chemotherapy-a result that has been well documented. 3, 4 Moreover, patients with low-HER2-amplification-and heterogeneity, perhaps-still benefit from trastuzumab in addition to chemotherapy. 1, 3 Seol et al 1 rightly highlight the importance of determining the HER2 amplification status accurately, both overall and taking into account intratumoral heterogeneity. Based on our own work, a fully satisfactory definition of heterogeneity has not been forthcoming. A persistent problem is how to distinguish bonafide heterogeneity from statistical artifact. 5 Both Bartlett et al 2 and Seol et al 1 raise the possibility of examining 'regional heterogeneity'. The current guidelines address this by recommending that distinct (clustered) 
